PCR and restriction fragment length polymorphism (RFLP) typing of flagellin genes (JliC) from 57 clinical isolates of Burkholderia cepacia indicated that only type I1 flagellins were present. Twenty-two isolates previously identified as the epidemic UK cystic fibrosis strain were indistinguishable by this method, as were 11 isolates from a pseudo-outbreak in Senegal. Other clinical isolates, including 19 from disparate sources in Malaysia, were separated into nine JliC RFLP groups, exhibiting a large degree of divergence. When isolates were indistinguishable by fliC genotyping, their similarity was confirmed by whole genome macro-restriction analysis with pulsed-field gel electrophoresis following XbaI digestion. The variation in JliC sequences of B. cepacia was far greater than that with B. pseudomallei, supporting the view that 'B. cepacia', as currently defined, may comprise several different genomic species.
Introduction

Burkholderia cepacia (formerly Pseudomonas cepacia)
is an important opportunist pathogen in cystic fibrosis (CF). The outcome of colonisation of CF patients can vary from a rapidly fatal septicaemia to maintenance of stable respiratory function [ 13. There is considerable genetic heterogeneity among CF isolates of B. cepacia and Vandamme et al. [2] reported that B. cepacia strains from CF patients belonged to at least five genetically distinct but phenotypically similar genomovars, although most -including the UK CF epidemic ET12 lineage [3] -belonged to genomovar 111.
Motility in B. cepacia is achieved by means of polar flagella which consist of a basal body, hook and filament, with the latter comprising multiple flagellin molecules. Based on examination of 16 isolates, an earlier study showed that most B. cepacia isolates could be clustered into two types by flagellin protein size [4] . Analysis of the B. cepacia flagellin genes (fliC) by PCR and restriction fragment length polymorphism (RFLP) enabled flagellin-type classification on the basis of product size, and revealed considerable variability in sequence. Thus, as in other organisms [5] , the flagellin gene is a useful biomarker for epidemiological and phylogenetic studies [4] . This paper describes the application of JEiC PCR/RFLP to the study of variability among 57 clinical isolates of B. cepacia from various sources. The results are compared with those of genotyping by pulsed-field gel electrophoresis (PFGE).
Materials and methods
B. cepacia strains
The strains used are listed in Table 1 . Isolates from CF patients were cultured initially on selective media (Mast Laboratories, Bootle) and presumptively identified with the API-20NE system (bioMkrieux UK, Basingstoke, Hampshire). Identification was confirmed with a range of biochemical and molecular tests, including partial 16s rRNA sequencing. Several isolates were identified as the UK CF epidemic strain (ET12 lineage) [3] by electrophoretic typing, whole protein SDS-PAGE and pyrolysis mass spectroscopy [6] . The isolates from Senegal were from wounds, blood or urines of patients in a paediatric ward in Dakar. Many of these patients had responded to treatment with antibiotics to which the bacteria were resistant; moreover, environmental sampling indicated the widespread presence of the organism and it was concluded that these isolates represented a pseudooutbreak rather than a true outbreak of infection. The isolates from Malaysia were obtained over a 10-year period from wounds, blood or urines of infected patients. None of the Malaysian isolates was epidemiologically linked. All the organisms were maintained on nutrient agar and grown at 30°C.
PCRIRFLP analysis of B. cepacia Jagellin genes
Flagellin gene oligonucleotide primers BC4 (CTGG-TCGCACAGCAGAACCTGAAC; N-terminal) and BCRl2 (ACAG/TGTTCGCGGTTTCCTG; C-terminal) were obtained from Genosys (Cambridge, Cambs). Cells from a nutrient agar plate were suspended in sterile distilled water and boiled for 5 min. This lysed suspension (2.5 pl) was used directly in a standard amplification mixture. Amplifications were performed in 25-pl volumes containing 2 units of DynaZyme (Flowgen Instruments, Sittingbourne, Kent), 200 n~ primers (BC4 and BCR12), 1 X DynaZyme buffer and 100 p~ nucleotides (dATP, dCTP, dGTP, dTTP). Thirty PCR cycles were performed, each consisting of 95°C for 1 min, 60°C for 1 min and 72°C for 2 min.
Amplified product samples (10 pl) were digested in separate experiments with the restriction endonucleases HaeIII and MspI under the conditions recommended by the supplier (Life Technologies, Renfrewshire). These digests were subjected to electrophoresis on Metaphor agarose gels (3% w/v; Flowgen Instruments) alongside a PCR size marker (R&D Systems, Abingdon, Oxfordshire) with fragment sizes of 50, 150, 300, 500, 750, 1000, 1500 and 2000 bp. Bacterial cells were grown overnight at 37°C on Columbia blood agar plates, harvested by scraping, washed and suspended in a buffer comprising 10 mM Tris-HC1, 20 mM NaC1, 50 mM EDTA, pH 7.2, and then mixed with an equal volume of pulsed-field certified agarose (BioRad, Heme1 Hempstead, Herts.) 2% w/v containing lysozyme 1 mg/ml. The mixtures were dispensed into 100-pl insert moulds and allowed to solidifL on ice. These plugs were incubated for 1 h at 37°C in 1 ml of lysozyme buffer (10 m~ Tris-HC1, 50 mM NaCl, sodium deoxycholate 0.2% w/v, sodium lauryl sarcosine 0.5% w/v, pH 7.2) containing lysozyme 1 mg/ml. After washing in 20 mM Tris-HCl, 50 mM EDTA, pH 8.0, the plugs were incubated overnight at 50°C in 1 -ml volumes of proteinase K buffer comprising 100 mM EDTA, sodium deoxycholate 0.2% w/v, sodium lauryl sarcosine 1 % w/v, pH 8.0, containing proteinase K 1 mg/ml. The plugs were then washed for 30 min in 1 ml of 20 mM Tris-HC1, 50 mM EDTA, pH 8.0, containing 
Computer analyses PFGE genotyping of B. cepacia isolates
For computer analysis of JEiC RFLP groups, painvise PFGE genotYPing was Performed On l 9 iso1ates, including strains representing each of the JEiC RFLP groups (Fig. 2b) . Members of type I and type I1 JEiC RFLP groups were not readily distinguishable by PFGE similarity between isolates was calculated with a Jaccard score assigning equal weight to each fragment length for which at least one of the isolates produced a fragment and assigning a Score of one where both Strains representing the three type I Pic isolates produced the fragment and zero where only one isolate did so [7] . A hierarchical cluster analysis was performed with the UPGMA algorithm in the package GENSTAT 5 (GENSTAT 5 Committee, Statistics Department, Rothamstead Experimental Station, Harpenden, Herts.) and a dendrogram was plotted. PFGE gels were analysed with the BioRad Image Analysis System with Molecular Analyst PC Fingerprinting software (version 1.12). Cluster analysis was performed with the UPGMA algorithm within the package Clusterbases (BioRad). fell into each of the three branches of the dendrogram. In a previous study, Butler et al. [9] RFLP groups (RFLP groups 11, V and VI) were widely divergent from each other; on the other hand, strains representing the JEiC RFLP groups I1 and Malaysia 4 clustered together by PFGE, despite their very divergent JliC RFLP patterns. Likewise, JEiC RFLP groups VII and VIII -although widely divergent by JEiC RFLP -clustered together by PFGE. Representatives of JEiC RFLP groups CF1 and Malaysia 2, which gave identical JEiC RFLP patterns, were similar by PFGE; likewise, the two methods indicated relatedness of JEiC RFLP groups Senegal and Malaysia 1.
Results
P C R / m L P genotyping Of Jagellin genes from B. cepacia isolates
Discussion
In an earlier study of 16 clinical and environmental isolates of B. cepacia, three strains with type I flagellin and one strain (E197) with an abnormally large flagellin conforming to neither type I nor type 11, were reported [4] . The present study mainly identified strains with type I1 flagellins, suggesting that these are far more numerous among clinical isolates. The reproducibility of JEiC genotyping was confirmed by recognition of all the representatives of the UK CF epidemic strain as belonging to a single JliC RFLP group (group I). Likewise, the 11 isolates from Senegal -all from the same clinic and indistinguishable by PFGE -were indistinguishable by JliC genotyping, although they clustered with five epidemiologically unrelated Malaysian isolates, which also resembled the Senegal isolates in PFGE analysis. More generally, the Malaysian clinical isolates were highly variable as a group, reflecting the fact that they were isolated from different patients and different sites, and at differing times. The Malaysian isolates were responsible for most novel JliC RFLP groups reported in this study, although some were indistinguishable from one of the UK CF isolates (RFLP groups CF1 and Malaysia 2).
A comparison of JliC RFLPs from single strains representing genomovars I (RFLP group V), I1 (RFLP group 11) and I11 (RFLP group I) is consistent with their subdivision into genomovars; thus there were three major branches on the dendrogram (Fig. 2a) , and these corresponded with the split of the species into genomovars I, I1 and 111. However, these three branches shared <20% similarity, indicating that JEiC was highly variable among strains currently designated as B. cepacia. This variation is such that no real distinction can be made between type I and type I1 flagellins, despite the different sizes of their PCR products. This variation in B. cepacia contrasts markedly with the lack of variance observed among clinical isolates of B. pseudomallei (although some variation was seen between clinical and environmental isolates of this latter organism) [8] . As a species, B. pseudomallei seems far more genetically homogeneous than B. cepacia. 
